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Otrosina, W. J.. Hess, N. J., Zarnoeh,  5. J.. Perry, T. J., and Jones, J. P 1997. Blue-stain fungi
associated with roots of southern pide  trees attacked by the southern pine beetle, Dendrocronus
frontn1i.r.  Plant Dis. 81:942-945.
Forty paired plots were established fromeastern Texas to Alabama to study root-infecting, blue-
stain fungi in southern pine stands undergoing southern pine beetle (SPB) attack. Woody roots
were sampled in plots undergoing recent or current atta$k  by the  SPB. Comparisons were made
between occurrence of ~ptogr@&uit  spp  and related  fungi and data on various characteristics
of natural stands and plantatiunsstudied.  Three  fungal  species. L terebrantis, L procerum, and
Ophiostonta ips, along with unidentified Leptag-rqphium  and Graph&m  species,  were isolated
from sampled roots. L terebrantis  was isolated more frequent&y from SPB-attacked plots (P  <
0.001) than was either L. procenull  or 0. fps.  More blue-stain fungal  species and related genera
were isolated from SPB-attacked pIots  than from control plots (P e 8.001):  This also was true
for combined isolation percentages of L terebrantis, L procertun,  and 0. ips  (P = 0.03). Pres-
ence of blue-stain fungi also was associated with higher stand b~.al  area in the control plots (P
= 0.045). Isolation frequencies of 0. ips-and  L procerwn,  alongwith the combination of these
fungal  species with L rerebrantis,  were logistically related to in~asing stand basal area in the
control plots (P  = 0.02. 0.02, and 0.01. respectively). No logistie  relationship was found for
frequency of any of the three blue-stain species with respect to basal area in SPB-attacked plots.
These results suggest blue stain fungi are important in the dynamics of susceptibility of southern
pines to SPB attack.

There is  considerable evidence l inking
the presence of root diseases and tree-
killing bark beetle attacks in conifers  in the
western United States (6,7,13,18).  In the
southeastem United States, the root-disease
causing fungus,  Heterobas id ion  amwsum
Fr. (Bref.).  has been associated with sus-
ceptibility of loblolly pine (Pinw  taeak  L.)
to attack by the southern pine beetle, Den-
droctonus  frontalis  Zimm. (Coleoptera:
Scolytidne) (1). Recent studies have re-
vealed  other root pathogens that are associ-
ated  with trees exhibiting decline symp-
toms in plantations and natural stands
(3,4,18).

Root infecting fungi belonging to the
genera Leptographium Lagerb.  & Melin
and Ophios toma H.&  P. Sydow have been
studied largely with respect  to their  rela-
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tionshlps  with bark beetles (11). These
fungi are commonly associated with bark
beetles either as pathogens or as casual
associates found in beetle galleries (9).
Pathological  re la t ionships  re la t ive to  their
presence in roots and their  role in predis-
position of conifers to stem-attacking bark
beetles have not been established for many
of these fungi. This  is especially true re
garding  the association of these fungi with
pine roots and their possible role in proc-
eases  involved in southern pine beetle
(SPB) at tack.  Also,  l i t t le  is  known of  the
dis t r ibut ion of  Leptographium species  in
pine roots  and their  re la t ionships  to  this
economically and ecological ly important
bark beetle.  The objectives of this  study
were to 1) determine  the  dis t r ibut ion and
frequency of Leptographium  species and
related fungi  in southern pine stands under
SPB attack and 2) determine stand charac-
teristics associated with occurrence of
these root disease fungi
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MATERIALS AND METHODS
Forty paired,  variable-radius plots were

established in southern pine stands over a
broad  ,geq$apbie ~area.  Thirty-one of the
40 paired  plota  were located in loblolly
pine stands, four were in slash pine (Pinus

elliottii  Engelm.) stands, four in mixed
loblolly and slash pine stands, and one in a
longleaf  pine (Pinus  palustris  Mill.) stand.
The plot locations ranged from Alabama to
Texas and represent a wide variety of
southern pine si tes .  (Exact  detai ls  of  plot
locations are available from the senior
author.) Plot establishment was determined
by locat ing SPB-at tacked pine t rees using
the Southern Pine Beetle Information Sys-
tem (SPBIS), a computerized tracking
system designed to identify and locate
active beetle attack spots (12).  The major-
i ty of  these act ive SPB at tack spots  were
located within 1 month of attack initiation.
For each SPB plot ,  a  control  plot  was es-  _
tablished by traversing a line in a cardinal
direction a distance of 80.5 m from the due
north edge of the SPB plot. The control
plots are presumed to represent stand and
site conditions present in the SPB-attacked
plots.

In each of the control and SPB plots,
data on tree species, diameter at breast
height (DBH), pine basal area,  tree height,
radial  growth increment, soil texture, as-
pect, stand basal area, and evidence of
previous site disturbance were recorded.
Trees used for determining DBH and radial
growth measurements were obtained by
select ing three dominant  or  codominant
trees nearest the plot center.  The height
measurement used to obtain  site index
values for each SPB and control  plot  was
measured by randomly selecting one of the
three trees closest to the plot center.

Roots from the three trees in each plot
were sampled using a modified two-root
excavation method (2). All root samples
were taken within 30-40  days of initial
attack dates recorded on SPBIS records.
Two primary lateral  root segments greater
than 3 cm in diameter from each of the
three plot trees were excavated with hand
tools to a distance of approximately 1 m
from the root collar. lwenty-centimeter-
long sections of root were cut beginning at
16 and 50 cm from the root collar from
each root. The samples from each tree
were placed in a plastic bag and kept
chil led in  ice chests  no longer  than 48 h
before transpottation  to the laboratory. lXv0
hundred and forty trees were sampled on
the 80 plots in this study.
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n-1  1 blu;sstain  fungi in SPB-attacked plots than ties  were pooled, a significantly higher
inth&Ont&@t,lots  ‘(Table~21’;  Control plots
titlj  blue-staib  fungi,&&uling~~0se  not

frfyen~y  of 0cbmWnce  of these fungi  was
present  in  the roots  of  SPB-infested plots

I i&ti%d  to~*~~L  tend-@  to-,have  higher
t&i  &&d  ‘gi!a  than did control plots from

(59%)  rela@ve  to the control plots (25%)
(Table 4).  Overall, blue-stain fimgal iso-

which no *blue-stain fungi were. isolated. lates, including the unidentified tip-
‘B plots With  blue-stain fungi had a tographium and Graphium  isolates ,  also

higher 1.&Xyear  growth increment than
those SPB plots from,,wbifi no blue-stain

had a higher frequency-of occurrence in the

f~~-~ere‘isdlat~,~a~lej).  1
SPB\ plots (87.5%) as compared to control
plots (45%). Qf the three identified blue-

When all three identified blue-stain spe- stain species,  only L.  terebrantis  was pres-

of each root  .segment,fq$n  ‘$t&&$e $i& SE
placed on each of $m-k&
tract. agar (MBA), 0
medium. (2).  and cycl0hexh
malt extract medium (14).  @l&t staimng~, 8:~
or resinosis was observ~on;rqWampIes,
isolations were made at the margins of m..R.-.  “---.-. ..--  -I-.-~1 -*~-  --~..:-A~--L-L-  .._  ..--_e,  .-> __...  L__  -I-_L __a_  ,“nrr\-eI-_>
such features. Otheqvise,  I is0Mi~w were  -,dr-

lame 1.  Lompanson  or srana  cnaracrensncs  ocrwccn  control  an0  soumcxn pnc oecuc  f~r~j piurea

made from several: .  points ,+$0&z  .the  root.
P,“lS
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sample. Subcultures were.. made  from Mean

plates exhibitingfupgal  growth for identi- Stand qharactgristics P.-Slh%d-.,....  -. Sl PB P value’
fication  and further study. ;.

The study design v+s a.‘:&,.
Tgtal’bf--’  - .-:  -~-I”~-wu  ruea  m-ma

-_  ,.  .yi
25.9 0.14

block design in which each block consisted Pi-- L-nc owl  area,  m*Ara 23.7 0.26
DU  -

of a SPB-attacked plot  and a non-attacke$l
Dbn, LX, 22,6 0.93
Aw.  vems 25.3 0.84

control plot. Thus, ,&he overall ,study  had 4O
@ill

I m 19.2 19.6 0.31
blocks. Test of-differences in ,t char- H&&t, 5@ir  radM  growth, cm 3.9 3.8 0.82
acteristiqs  between SPB and control  plcIts IO-yew radial growth, cm 9.3b 8.7b o.14b

used a standard randomized block analysis:., Siteir iddx%  m 27.4 28.2 0.11_
Because there were only two treatments, a  Results of a paired I test comparing differences between variables for 40 paired plots from the  con-
the analysis was equivalent  to a paired t- trol aad  SPB infested stands. ’
test. Analysis of presences  or absen@z  of b N = 37 paired, plots.
blue-stain fungiwas  on$plot  basis, u!&re c Site index Wedon-height  of codominant  trees at age 50.
one confirmed flmgal  iso@  fmmone  tree
in a plot was sufficient to score&at  plot
positive. Differences inpropo&n.of~~SPB,

.Table  2. Means of stand characteristics for control and southern pine beetle (SPE) infested paired
plots in natural stands  or plantations

and control plots with blue-stain fun.&
utilized the McNem~..&st  (52, taking into+ Natural$anrW Plantationsb

account the blocking structure of the study. Sta@charact@istica  ‘ ,  C o n t r o l  SPB P vaIuec Central S P B P value
Logist ic  regression metho+ *s ing  I?R$JC Total basal area (m*/ha) 26.2 23.9 0.506 28.7 26.6 0.193
LOGIST (SAS Institute Inc.; Gary,  ‘NC) Pine basal area (m2/ha) 198 21.6 0.491 27.3 24.5 0.112
were used to model the association be- ’ DBH (cm) 25.6 26.9 0.382 21.6 21.3 0.468
tween blue-stain fungi and,  stand condo- Age iyears) 35.8 38.6 0.348 22.1 20.9 0.097

tions. Height (m) 21.3 23.2 0.105 18.5 18.4 0.904
5-year  radial growth (cm) 2.9

it;* 6.5*
0.782 4.2 4.1 0.731

RESULTS IO-year  radial rowth  (cm)

Cycloheximide-amended and;.  unqended
Site index cm.8  age 50) 25:9

0.677* 10.1=  9.4e 0.160e
26.2 0.758 28.0 28.9 0.095

Proportion of blue+ain  fungi 0.30 0.50 0.625’ 0.37 0.80 0.002’
MEA were equally effective in.  isolating,
blue-stain fungi.  The fungal:  species iso: p N = 10 paired plots.
lated from the root sa?ae;les  were 0. lips b N = 3O pair&plots.

(Rumb.)  C. Moreau, &. terebrqntis  Barras
C  P v&es  were obtained from a paired f test based on the differen&  between control and SPB plots

& Perry, and L.. pmcerum  (Kendr.) wing-
for the specifti  stand characteristics.

field. H. anrwrum  was not isolatfxl  from
* N = nine.paired  plots.
e N = 28 psired  plots.

any root samples.  Unidentif ied species of *  McNemar  test.
L.eptographium  and Graphium CO&I  i so-
lated from root samples were included in
certain analyses.

The SPB plots  sampled were ei ther  un-
Table 3. Stand characteristics for plots without  and with the  presence of blue-stain fungi  in the con-

der current attack or were recently vacated
trol  and sourhem  pine beetle (SPB) plots

j,
(within 2 weeks of sample) as determined Control SPB

by presence of fresh pitch exudates or Without With without With

tubes, off-color foliage, and presence or Stand cha~acttwistic I N = 26 N = 14 P value0 N=ll Nr29 P value

absence of exit holes in the bark of  at- Total basal are&ma/ha 2 6 3 31.5 0.045 24.5 26.4 0.392_ --_
tacked trees. Stand characteristics were Pine basal area, ma/ha
similar  between SPB-attacked and contra1 DBH, cm
plots (Table 1). Control and SPB plots Age, years
within natural  s tands or  plantat ions also

Hp;A.’ .

had similar stand characteristics‘flable  2).
5-
1~

The proportion of blue-stain fungi isolated ‘- 1-U- w””  “-’
from plots  in ei ther  plantat ions or  natural

Site index, m @,  age 9
c1

a P VdllP  &tdnd  fw
stands was geqerally,  higher jn.Jhe..  $I

23.9 28.21 0.146 23.0 24.0 0.670
_ /.;i 2 2 3 22.9 0.728 -22.9 ,. 22,6 0.905

26.3 24.1 0.437 29.4 23.8 0.100
IApt,  11‘ 19.0 19.5 0.692 20.3 19.4 0.521
year radial growth,  cm 3.9 3.8 0.873 3.1 4.1 0.076
LVPII~  m&al  antih cm 92s ‘. 9.5c 0:751 6.4* 9.3 0.034

0 27.0 28.3 0.265 27.2 28.6 0.280

.  . I ””  -“.“y...v  1.,ka  two.-sample t test of the  difference between plots without and with blue-
@&mt@charac~~sti.c.

r 1.“”
T



%ble  4. Percentage of southern  pi%  .$?&le  (SpB)  and conttol  plots with each type of blue-stain
fungus and tests for  sig&ieatux  ‘7  ; i  -C : . *: * ,I, , I i

-.: ‘- ; . . ; -;;,, I i ,p ? j.
_ r * .’ .- a

ent in significantly more plots infested by
tka QDP /li @ZL\~;*L-- in pnenl nlntr

l-gep pe.staln‘L~s~~~:I

Ulcl Y&Y  \AI.JN, u1al1 .  .  .  -“.....“I y-V.”

*-

Blue-stain f&us
,* im,

(2.5%). 0. ips  &A  L. procenun also were

‘ . ’ *.._: -*-,*  ! P valuea  8
numerically present more frequently in

O~hio&oma  im / _ qab 1 7 . 5
SPB than in control dots (Table 4).

0.27
.: Amona  the stand variables measured,or ..--.- .r- --.-

kptographium  terebrantis .*  t‘.  . _ 27.5 (_ 2.5 . ‘ 0.001
Loptographium  procenun I 22.5: 15.0 ‘ ‘; 0.51
All three spa&spooled
All blue-stain genera?

ci  ,i 5W~ ,2j,o 0:03
87+*  , j_  45.0 : , , : 0 . 0 0 1

a Differences l%twe&  @&a&  eon&o1  ,&ts f&percentages of blue-stain fkngl  were tested tvifi  the
McNemar  test . 7; >

b Includes unidentified Leptogruphium  and Graphium  spp.

only tot;  basal area of the control plots
was s ignif icant  in  the logist ic  regression
model. with respect to the occurrence of the
identified species  of blue-stain fungi (Pig.
1). The logistic model with all three blue-
stain fungal  species pooled was significant
at P= 0.01’ while the models for 0. ips and
L procerwn were each significant at P =
0.02. The logistic model for L. terebruntis
could not be”fit  because of the low fre-
quency of occurrence of this fungus in the
control plots. The SPI3 plots were non-
significant for any stand variables relative
to the three blue-stain fungal  species.

”

S P B

. .4 - P SO.41  AIlthree  blue-stain species ,
1.0

/

- P = 0.59 ‘0.  #IsA l a a
-r- P=O.g2  L. procerum j

DISdUSSION
f There is an association between SPB

,.
,I attacked trees and- presence of blue-stain

0.8 - .,

fungi in’ southern ; pine roots. Little is
8 0.6 - a

*...*- *...-- . ..* known about the role of these fungi in pine
.w
tt ;’
El

8 8 8 . . . **...-- *...**8 8 : ‘ , -;. roots with respect  to their  effects on pre-

g 0.4 - *...-* *...** disposition of trees to attack, although
'?, '.i_

*...-* . I , evidence associating’these  fungi with de-
A clines  of various pine  species  is  mount ing

0.2 L ---w-----y--~-------’ (11,17,22).  .,Resinous  les ions  and s ta ining
8 in sampled roots associated with isolation

8 of L. procerutn,  0. ips,  and L. terebrantis

0.0 A 1 I- I I a I I I a

26.  30 34
I

were observed. In the control plots, no

14 18 22 38 -I 42
crown symptoms were observed in trees
where we isolated these fungi from roots.

Total basal area (m2/ha)
Pathogenicity of these fungi to loblolly
pine stem t issues has been demonstrated
(21); however, the mechanisms involved in
root infection remain unknown in this tree
species.  The black turpentine beetle,  Den-
droctonus  terebrans Oliv., attacks the basal

CONTROL
stem and large roots of  various pine spe-
ties.  The three blue-stain fungal  species

. . . . P = 0.01 All three blue-stain species
identified in this study are also reported to

8 be carried by D. terebrans (24) and L tere-
1.0 - - P = 0.02 0. ips a bruntis  has been associated with mortal i ty

-8-- P  = 0.02 L.  prwetwm in various pine spxies  (16,23,24).  Black
turpentine beetle attacks were observed

0.8 - only in one sampled tree in three plots and
. was therefore not considered a factor influ-

= 0.6 -
encing  the occurrence of L.. procerum, 0.

.9 ips, and L. terebrantis. Root-feeding bark

“g
beetles (Coleoptera:Scoly-tidae) have been

2 0.4 -
implicated as vectors or  wounding agents
in conifer root diseases caused by various
blue-stain’fungi (11,17,20).  In this study, L

0.2 -
terebrunfis  was highly associated with
SPB-attacked plots, and this fungus is

. . . .--*
reportedly one of the more pathogenic

. . . . . .. . . . . . . . . . . . . . -.----. _ _ - -O.Ob - - -  :-rs_I - ’ .- I= I

26 34 38
I

14 18 22 30 42

among blue-stain fungi  a t tacking loblol ly
pine (21). The potential exists for patho-
genicity of blue-stain’fUngi  on certain coni-

Total basal area (m2/ha)
fer hosts in the absence of insect vectors
(10,14,19).

Fig. 1. Three logistic regression models for the proportion of plats having blue-stain  fungi’expressed
While both plantations and natural

as a function of total basal area (m%a)  in southern pine beetle (SPB)  and control p~o~.The’:c~es, stands had higher proportions of blue-stain
associated data points, and P valuesfer  $pB  a@  c@troI  plets d&ij:forqdl  three  ; fungi  in  SPB plo ts  than  in  cont ro l  p lo ts ,
blue-stain species (Ophiostoma  ips+#~~mpl&m  teiebmntis,  and  L pmcerum~knd  in&i&tsI  da@ only plantations had a significantly higher
for the blue-stain speelea  0. ips ti@.  @werum ,._, proportion’ of these fungi in the SPB plots.

..-. ‘, .’ -
944 Plafit~g~~sY~~  !$gk&+;: x ,.,.:+.  ': 'j:*:‘;:f*;,:; .,'  n \;.'-  " ",-...t,.  , 3..



.

control and SPB plots were equivalent  ,in

The smaller sample size of- I;o-  @&al

both types of  s tands.  While s tand &are&

stands versus 30 plantat ions.  &$y  accdllllt

teristics  were not statistically an&ed
between plantat ions and natural  s tands,

for this. Stand character&i&s  b&&en

plantations had about 25% @mater  basal
area, tended to be younger, and had ~&gher
growth rates Chart  natural  s&i&.*  Pyrther
s tudies  on the  dis t r ibut ion of  blue-s ta in
fungi with respect to stand origin an&rela-
tionships to SPB attack are needed

It  is  axiomatic Chat  maintenance of  op-

dire&d  toward the  widers&nding  of rela-
tion$$@  beCween  possible vectors, soil
and $i&?’  factprs,  root distribution, and the

Fui#ier  -e&h  needs to be conducted

role of  these t&mgal  complexes in predispo-

On’tkSi@@oaace  of these fungi in rela-

sition  of stands to SPB attack.

ion  to  Sm &@k.  This research should be
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